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MGM-52C LANCE GUIDANCE SET (AN/DJW-£4)
MANUFACTURING TECHNOLOGY ANALYSIS

N.V.S. Mumford
LTV Aerospace Corporation

Warren, Michigan 48090

SUMMARY

Review of the LANCE guidance set does not reveal any major cost drivers and tends to
indicate that no single manufacturing technology project could produce a cianificant re-
duction in cost. There are a number of projects which could reduce the r.idance set cost
by about 15 percent. In addition, redesign to take advantage of integrated circuit (IC)
technology has the potential of increasing the cost reduction to more than 20 percent. The
tutal cost to realize the maximum savings, not includino the cost for flight requalifica-
tion, is estimated to be $2.5-3M. The time for the various projects would take about two
years to accomplish.

INTRODUCTION

The LANCE m:ssile is about 20 feet long, 22 inches in diameter, a~d weighs 2,344
pounds when fitted with a nuclear warhead. With a non-nuclear warhead. it weighs 3,351
pounds.
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The missile is made primarily of aluminum and has three major sections: warhead, M5
main assemblage, and control surfaces (fins). The main assemblage is used with either war-
head, but a set of largz Control surfaces is required with the 469-pound nuclear warhead,
and a set of small control surfaces with the 1,000-pound non-nuclear warhead. The differ-
ent fin sizes compensate for the shift in missile center-of-gravity, which accompinies a
change in warhead selection. Additional details on the missile structures are provided in
the paper "Manufacturing Technology Analysis of Lance Missile Structures” by J.J. Ryan.

LANCE utilizes a simplified inertial guidance system that is "body-fixed" to the mis-
sile. The guidance set, located in a compartment just aft of the warhead/missile interface,
weighs less than 40 pounds. It has handles for ease of handling and installation. The
complete assembly is installed in the missile by three mounting surfaces which have been
machined to provide the required alignment; therefore, the assembly can be replaced in the
field without any special alignment.
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The guidance set is made up of tihree subsystems: the directional control (DC) sub-
system, the velocity control (VC) subsystem, and the power supply subsystem.

By regulating the four TVC valves, the DC subsystem maintains correct missile atti-
tude about the pitch and yaw axis during the boost portion of flight. The major compo-
nents of the subsystem are: a two-degree-of-freedom gyroscope and a directional control
electronics (DCE) assembly.

The VC system, which contains an accelerometer and a velocity control electronics
(VCE) assembly, measures missile velocity and shuts off the booster when engine missile
velocity reaches a preset value. After boost termination, the VC subsystem maintains
missile thrust equal to drag by controlling sustainer engine operation.

The missile.s operating power is provided by the power supply subsystem, which in-
cludes the power supply electronics (PSE) assembly that reaulates the supply of power to
the guidance components, a power battery that provides power to the PSE, and a pulse bat-
tery that provides power for firing the torque termmination valve (TTV) and BTV squibs.
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The guidance set also includes a timer to fire the squibs that close the torque-
termination valve when the desired missile spin rate :. achieved. All of the above com-
ponents are interconnected by the harness.

The LANCE missile is so designed that its trajectc 'y nearlyv ronforms to an ideal bal-
listic trajectory. [Its three phases of flight are:

SUSTAINER
ENGINE
SUSTAIN CUTOFF
300STER PHASE {SECO)
ENGINE
CUTOFF

(BECO!

ALTITUDE

LAUNCH 7 IMPACT

Boost Phase

The missile is accelerated to the required velocity. The correct heading, set at
launch, is maintained by proper directional control.

Sustain Phase

The missile reduces all external forces except gravity to longitudinal drag and pro-
vides the proper amount of thrust to cancel it.

Coast Phase

Sustainer engine cutoff (SECO), controlled by a timer to occur prior to propellant
depletion, initiates the coast phase. The missile then acts as a free rocket.

B: controlling the boost termination velocity (the velocity at the start of ballistic
flight) and launching at a known QE, the range can be predetermired, provided that all ex-
ternal forces acting on the missile, except for gravity, can be balanced.

LANCE uses two QE': 54 degrees for the extremely long ranges {(within about ten per-
cent of maximum) a~d 48 degrees for all other ranaes. These high Of's permit LANCE to fly
over projecting terrain, even at short ranges.

This paper describes a number of potential manufacturing technology projects which
could be employed to reduce the cost of the LANCE guidance set. The assistance of Arma
Division of Ambac Industries, Systron Donner Corporation, E-Systems, Inc., and Mr. Ashwani
Dhir of Michican Division, LTV Aerospace Corpciation in preparation of this paper is grate-
fully acknowledged.

I. DETAILED COST INFORMATION

More than 1000 LANCE missiles have been prcduced. Based on the most recently com-
pleted production contract, the actual cost of the LANCE guidance set is distributed among
jts components as follows:
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Gyro 26.4% Arma
DCE 17.1% E-Systems
Accelerometer 15.9% Systron-Donner
VCE 12.7% Systron-Oonner
Harness 10.4% LTVAC-MD
PSE 10.2% E-Systems
Integration Hardware
& Assembly 1.3 LTVAC-MD

100.0%

Comparison of the average cost for this contract with that for the first production buy
shows a reduction of about 30 percent which is equivalent to a pricing slope of about 92
percent, including the effects .- design changes and inflation.

Each of the six major components have been analysed in order to show the breakdown
into the standard manuf:cturing cost categories. The result is given below.

Gyro DCE  Accel  VCE  Harness PSE

Material 1.0 3 1 25 7 4
Purchased Parts 24.0 22 42 12 39 27
Fabrication/Processing 18.0 n 2 2 12 1N
Assembly 23.0 25 20 43 16 21
Test and Inspection 22.0 14 24 17 3 N
Support 12.0 ] 23

25 1 26
700.0%x 7T00% T00% T00% T00% 100%

When these in turn a~e related to the total guidance cost and are combined into the stand-
ard guidance components, the result is as follows:

Gyro  DCE l&ﬂgﬂiﬁ b Accel Cables
Material 0.3 0.5 3a 0.4 4.0 1.7 0.7
Purchased Parts 6.3 3.7 1.6 2.7 8.0 6.7 4.1
Fabrication/Processing 4.7 1.9 0.3 1.1 3.3 0.3 1.2
Assembly 6.1 4.3 5.4 2.1 1.8 3.2 1.7
Test and Inspection 5.8 2.4 2.2 1.2 5.8 3.9 0.3
Support 3.2 4.3 0.1 2.7 1.1 0.1 2.4

I/



From this summary, it may be seen that no standard manufacturing cost category for any of
the six major components of the LANCE guidance set amounts to as much as 7 percent of the
total.

The above summary does not reveal any major cost drivers and tends to indicate that
no single manufacturing technology project could produce a significant reduction in the
cost of the LANCE guidance set. As a result of this conclusion, specific reviews of each
of the six major components were performed. From these it appears that a 15-20 percent
cost reduction is possible, principally through redesign of the current individual compo-
nents to take advantage of integrated circuit (JC) technology. Further as much as a 25
percent reduction might be realized by using IC's and related technology to conbine all
electronics (DCE, VCE, and PSE)) into one package instead of the current three. Some de-
tail on each component follows.

I1. POTENTIAL MANUFACTURING TECHNOLOGY PROJECTS
Gyro

Because of the stringent performance (accuracy) and environmental operating require-
ments (-40° to +200°F), gyro fabrication continues to require a significant amount of hand
work and individual testing. Two potential manufacturing technology projects offer a 10
percent cost savings on the gyro (2.5 percent of guidance set cost). The first project
(At{,achment 1) involves the replacement of the present handwriting with printed circuit
cable.

_ CURRENT HANDWIRED HARNESS

PROPOSED PRINTED CIRCUIT HARNESS
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As may be seen, this replacement would reduce wiring costs by eliminating many handwiring
steps (select, cut, dress, wrap, route, attach and solder) and by preventing wiring errors
and associated trouble shooting and rework. It is estimated that this change would result
in a 6 percent reduction in gyro unit cost. A nine-month project costing about $50K would
be required, not including the cost of the gyros used for evaluation. In addition any
flight requalification costs are not included.

The second project (Attachment 2) involves the redesign of the gyro housing to convert
it from a machined and buiflt-up structure to a casting.

PROPOSED CAST HOUSING

CURRENT MACHINED HOUSING

As may be seen, this change would eliminate considerable costly blind precision machining
with the accompanying spoilage. It is estimated that this change would result in a 4 per-
cent reduction in gyro unit cost. Again, a nine-month program costing about $50K would be
involved. In this case also, the cost of any gyros used for proofing the change plus any
flight requalification costs as a result of the change are not included.

Accelerometer

The performance requirements for the LANCE accelerometer are more stringent than for
the gyro since it must function accurately at 1 g during presetting before launch, at ac-
celerations up to 30 g's during boost, and it C g during sustain phase, and all of this
within the environment requirements of -40¢ to +!00°F. Differing from the gyro, the ac-
celerometer does have significant internal electronics. A potential manufacturing tech-
nology project (Attachment 3) offers about a 30 percent reduction in instrument unit cost
(4.5 percent of guidance set cost). This project would involve three changes: (1) re-
designin? the electronics to incorporate IC's in order to reduce part costs, simplify set
up and eliminate the filter board; (2) changing the sensor material to reduce machining
costs; ard (3)change the preload set to a bellows arrangment. It is estimated that this
change would involve a project costing about $115K and taking six months to complete, not
including any flight requalification costs.

VCE

Similar to the accelerometer and the DCE, redesign of the VCE to incorporate current
technology in the form ¢f IC's, flatpacks, etc. offers the potential for a significant
cost reduction. This potential manufacturing technology project (Attachment 4) offers a
VCE unit cost reduction of about 23 percent (3 percent of guidance set cost). It is esti-
mated that the project cost and duration would be about $120K and eight months, not in-
cluding any flight requalification costs. Another potential manufacturing technology pro-
ject (Attachment 5) offers a small cost reduction (2 percent) by a change in the method
of hermetically sealing the VCE from the current solder seal banding. The cost and duration
for this project would be about $50K and eight months.

6



DCE

Application of current IC technology to the DCE (see Attachment 4) offers a comparable
25 percent cost savings on the DCE (4 percent of guidance set cost). The project cost and
duration for application to the DCE would be comparable - about $125K and nine months. Two
other manufacturing technology projects offer some potential cost reduction on the DCE. The
first (Attachment 5) involves & change in the means of hermetically sealing the metal pack-
age from the current solder seal banding. The potential cost savings on the DCE is about
2 percent (0.3 percent of guidance set cost). The project cost is estimated to be about
$100K over a 12-month timeframe. The second project (Attachment 6) involves the develop-
ment of automated equipment for acceptance testing. Development of such equipment would
save time and eliminate human errors. It is estimated these savings would be equivalent to
about a 5 percent reduction in unit cost (0.8 percent of guidance set cost). The project
cost for automated equipment for both the DCE and PSE would te approximately $1IM over an
18-month period.

PSE

Both of the manufacturing technology projects described above (Attachments 5 and 6)
are also applicable to the PSE, with essentially equivalent cost reduction potential. Ap-
plication to the PSE would therefore result in about a 7 percent reduction in unit cost
(0.7 percent of guidance set cost). The project cost and timing would be as described above.

Harness

The LANCE guidance set electrical harness depicted below is an intricate cable in order
to accomplish all of the required interconnections. The harness cost has been reduced by
more than 40 percent during production to date. From the cost summary in section I,{it can
be seen that the Fabrication/Processing and Assembly of the harness contribute 28 percent
of its current cost. The following table shows a breakdown of this cost into the respective
operations such as wire cutting, preparation, shielding, routing, etc. Recent developments
in electronic packaging and production industry have shown applications of either mechaniza-
tion or numerical controlled automation in each of these operations. Application of these
developments to the harness fabrication/processing and assembly operations to produce an
automated line-processing system would produce a substantial improvement in productivity.

Ag:::fm:m = s | POIREF) e
P16 (REF.) vee G yne CONNECTOR ASSEMBLY
GROUND (s)
CONNECTOR ™ ¥ ) iRt
s e

SHORTING .
ASSEMBLY \‘ S

CONNECTOR ASSEMBLY (J3) -~
UMBILICAL

CONNECTOR ASSEMBLY (P12)

____ CONNECTOR ASSEMBLY ()4}
EXTERNAL HARNESS

——__CONNECTOR ASSEMBLY

- e TIV
'GNITER 7 ion
nmer) -~ PUIREF) “"mmm‘\‘\-a P11 (REF)
POWER BATTERY 11V . ~ CONNECTOR PULSE BATTERY
ASSEMBLY
HARNESS ASSEMBLY )

The data on the table show that the costs as;ociated with harness fabrication and as-
sembly can be reduced by 50 percent. This represeits a 15 percent reduction in the harness
unit cost (1.5 percent of guidance set cost).

The manufacturing technology project (Attachment 7) to accomplish this cost reductior
involves the development of the automated and modularized line processing system to fabri-



Work-Content, Units/Assembly Cost
Reduction
Operation Improvement Present Revised Reduction (%)
Gathering parts and Employ magazined 2.66 2.06 0.60 1.7
wire-cutting, identi- | handling and trans-
fying. fer of wires/parts.
Wrapping of RFI Substitute mecha- 5.06 3.10 1.96 5.7
shielding and insula- |nized wrapping and
tion. use of 2ipper tubing.
Assembling ferrels, Modify connectors. 6.20 3.20 3.00 8.7
contacts, back-shells, | Eliminate ferrels.
etc. Mechanize. Conduct
numerical controlled
Assembly.
Solder connectors, Sudbstitute crimp con-| 6.17 1.46 an 13.7
cups, wires. Pot nectors. Conduct
connectors. numrical controlled
assembly,
Spot tying, etc. Substitute numerical 0.98 0.50 0.48 1.4
control and ty-wrap
automation.
Wire preparation: Introduce crimped 11.30 5.65 5.65 16.5
strip, pigtail, bin. terminals, mecha-
nized shielding,
numerical controlled
assembly, modified
connectors.
Route wires on harness| Substitue numerical 1.94 1.00 0.94 2.8
boards. controlled operation.
34.31 16.97 17.34 50.5

cate and assemble electrical cables. The following specific approaches would be involved
in this development: (a) use of crimped terminals, (b) elimination cf ferrels by modified
connector design, (c) use of special taped shielded single wires with drain wire feature,
(d) use of zipper type tubing for insulation and shielding of branches, (e) automatic wire
identification, cutting, terminating and insulation, plus (f) numerically controlied har-
ness assembly.

A preliminary concept for an automated harness assembly processing 1ine is shown in
next figure. A single line is shown to handle both shielded and unshielded wires. The
first half of the 1ine may be called the wire-preparation-section. The second half may be
called the harness-assembly-section. At the start of the line, various wires are shown
stored in a wire storage and transfer rack. Wire is fed into the automatic wire-prepara-
tion-center (WPC) from an uncofling mandrel and through certain tension and guide rollers.
In the WPC, the wire {s sutomatically marked, cut to length, stripped and terminated at
either end. In case of shielded wire, terminals are crimped onto the drain-wire in addi-
tion to the conductor. The exact length of wire to be cut is determined by preceding dry-
runs across the numerical controlled harness-assembly-center. After stripping and cermin-
ating, shielded wires are shown to automatically receive 2 tape insulation to protect the
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strippad ends of the RFI shield. The heat-shrinkable insulation 1s cured in 1ine at the
exit-end of the equipment. Prepared wire is delivered into a special magazine which allows
subsequent automatic retrieval of the wire at the harness-assembly-center. Prepared wire
of each specification must be stored in its own magazine at a prescribed storage location.

The complete routing and assembly of vrires into connectors and harness is shown to be
conducted in the second half of the line in a numerical controlled work center. Prepared
wires are retrieved automatically from magazines at programmer locations. The work center
has three axis capability and two operating heads. The main head performs the function of
routing wires and inserting terminals into connectors. Connectors are prepositioned on
harmness-board-tooling at specified location and orientation. The routed wires are held in
position in special elastic retainers. The auxiliary head is used for tie-wrapping harness
automatically at programmed locations.

It may be noted that the basic equipment for automated wire-preparation an” for nu-
merical controlled harness assembly are commercially available. The proposed line-process-
ing, however, will demand certain modifications and added features.

The project cost is estimated at about $700,000 as follows:

Prototype equipment, construction for optimization $225,000
Equipment improvements for optimization $145,000
Engineering Support and Technical Data $330,000

The project duration is estimated at 27 months.

INTEGRATED DCE/VCE/PSE

As noted above, redesign to incorporate current electronic technology such as IC's
offers significant savings on both the DCE and VCE. Use of this same technology to com-
bine all of the electronic components (DCE, VCE, PSE, and TTV) within one package offers
a very significant guidance set cost reduction. Such a change is further supported by cur-
rent LANCE operational requirements which require removal of the complete guidance set for
return to Direct Support wherever fault isolation to the subassembly level is required.

It is estimated that a manufacturing technology project (Attachment 8) to accomplish
this repackaging would reduce the cost of the missile guidance set by 15 percent. The ap-
proximate cost for this project would be about $0.5M over a duration of 12 months. Flight
requalification would probably require about 10-15 flights and take an additional 12 months.

SUMMARY

The potential manufacturing technology projects described above and in the eight at-
tachments offer the following potential reductions in the unit cost of the LANCE Guidance
Set:

Component Cost Equivalent Guidance Set

Reduction Cost Reduction Cost
Gyro 10% 2.5% 100K
Accelerometer 30% 4.8% 115K
VCE 25% 3.0% 170K
DCE 30% 5.0% 1,225k

PSE 73 0.7% ---
Harness 15% 1.5% 700K
Total 17.5% 2,310K

10
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or alternatively:

Component Cost Equivalent Guidance Set
Reduction Cost Reduction Cost
Combining
VCE. DCE, and PSE 15% 530K
To:al with Gyro
and Accelerometer 22%

As noted above, the cost for flight requalification is not included in the above
figures.

ITI. GUIDANCE TREND DATA

The ‘mpact of LSI (large scale integration) devices such as ROM (read only memory),
mircoprocessors, programmable logic arrays, etc., is now being felt in guidance system
state-of-the-art. Also, potential further cost reductions with increased memory capacity
offered by bubble domain memory and charge coupled devices will further establish trends
in this direction. The large memory capacity, nigh speed, yet tow cost and small size of
these devices opens up avenues of instrument compensation for multiple, critical parameters
and adaptive control techniques not possible or tvo costly before. The critical param-
eters of gyro and accelerometer instruments have had to he held tightly over wide ranges
of environment. With imbedded microprocessors, it is possible that parameters, once de-
fined, can be placed within the microprocessor memory for proper compensation, without
mechanical adjustments or trimming.

Microprocessor capacity also allows sophisticated gain and compensation profiles for
autopilots thus providing optimal control over a broad range of vehicle enviromment.
Adaptive control techniques can now be accomplished at low cost.

This trend toward extensive use of microprocessors must be accompanied with new and
innovative computer architectural techniques and low cost software management.

11
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Attachment ]

Title: Manufacturing Technology Project to Provide Cost Improvements in the Gyro Pick-
off Wiring System

System/session area/component: LANCE Missile/Guidance/Gyro

Problem: The handwiring of the RSG-15 gyro r2quires skilled personnel following time con-
suming procedures. The assembly wireperson is required to select, cut, dress, wrap, route,
attach, and solder a multitude of individual wires to pickoffs and terminal boards. Errors
occur which require wire and test time, trcubleshooting and rework.

Proposed solution: Replace the present "handwiring" by printed circuit cable. This custom
pre-fabricated cable consists of a flat layer of circuit etched copper conductors bonded
between two sheets of flexible insulating sheets. The conductors terminate in eyelets or
perforated solder pads which can be pushed down over component terminal pins. The pads
provide a bare copper solder area 360 degrees around the pin. A conventional soldering
iron can be used to make reliable solder joints.

Project cost and duration: The project costs include the design of the flexible etched
circuit, the terminal boards and pick-offs to interface with the flex. Fabrication of new
parts and components and installation in gyros. Complete cycle of production testing be-
fore and after environmental checks for temperature, vibration, and shock. Production
proofing of the changes in a minimum of ten gyros. (Cost of gyros used for evaluation not
included in <ost.)

Project cost: $45,000

The estimated duration of the project is nine months.

Benefits: Printed circuit cabling reduces wire costs in the following ways:
terial costs less, in quantity, than conventional cable.
Reduced time required for wiring by eliminating the numerous steps of "handwiring"
described above. Prevents wiring errors. Eliminates troubleshooting. Elim-
inates rework due to wiring errors.

Other intangible advantages of printed circuit cable inciude:

Product uniformity. Increased reliabilfty - there are no "tight" wires overstressed
during vibration.

Use of automatic soldering equipment to further reduce wiring costs will be investigated
as an alternate to conventional soldering.

Benefits to be derived from this project are a reduction irn recurring hardware costs.
Reduction in gyro cost = 6%

As<'zuptions: The above analysis 1s based upon a lot quantity of 400 gyros produced at a
rate of 45 gyros per month.

12
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Attachment 2

Title: Manufacturing Technology Project to Provide Optimization for Fabrication of Gyro
Rotor Housing

System/session area/component: LANCE Missile/Guidance/Gyro

Problem: The rotor nousing and stiffening end plate are fabricated from bar stock material
requiring machining and assembly. The design requires deep, blind, precision machining
operations on inside of housing which supports the rotor through the spherical bearing.
Spoilage costs are high because of the complex design which also mounts the electrical pick-
off system. The end plate, which mounts to housing using twelve screws, was added to pro-
vide axial stiffness to the rotor support plane.

Proposed solution: Design the gyro housing as a cast structure for mounting the pick-offs
and temminal boards. The only machining required is to provide mounting interface surfaces
for the housing, pick-offs, and terminal boards. The rotor support portion of housing will
be designed as a separate piece which can be readily machined as a surface of revolutions
and hardened. The two pieces will be mounted together using electron beam techniques. The
rigidity of the assembly will equal or exceed the original assembly.

Project cost and duration: The project costs include the design of the new assembly, inter-
changeable with the old. Fabrication of new parts and assembly in gyros. Complete cycle

of production testing before and after environmental checks for temperature, vibration,

and shock. Production proofing of the changes in a minimum of ten gyros. (Cost of gyros
used for evaluation not included in project cost.)

Project cost: $53,000
Estimated duration of the project is nine months.

Benefits: Benefits to be de' ‘ved from this project are a reduction in recurring hardware
costs. These reductions are as follows:

Reduction in gyro cost = 4%

Assumptions: The above analysis is based upon a lot quantity of 400 gyros produced at the
rate o gyros per month.
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Attachment 3

Title: Manufacturing Technolo:y Project to Reduce the Cost of the 4841 Accelerometer

System/session area/component: LANCE/Guidance/Accelerometer 4841

Problem: The 4841 currently used in tha LANCE G&C package is a major cost driver for the

package. Systron-Donner has been investigating ways to improve the performance and
reduce the price of the 4841. The modified 4841 would be less expensive because it would
have fewer components and lower assembly costs. The problem is to produce prototype 4841's
with the design changes contemplated and qual-test the new unit.

Proposed solution: The project would tool up and incorporate those techniques necessary
to produce the 4841 modification. This would include design, drafting and testing of the
new unit. Primary emphasis would be given to redesigning the electronics to reduce parts
cost, simplify set up and eliminate the filter board. The sensor material would be changed
to recrce machining costs and the preload set would be changed to a bellows type arrange-
ment.

Project cost and duration: Estimated costs are as follows:

Design Engineering $ 35,000
Drafting 15,000
Technician 15,000
Manufacturing Engineering 30,000
Q.A. Engineering 5,000
Fixtures 15,000

Total $115,000

Estimated duration of the project is six months.

Benefits: Benefits to be derived from this project are a reduction in recurring hardware
costs. These reductions are as follows:

Reduction in accelerometer unit cost = 30%

Assumptions: The above analysis is bascd on a 1ot quantity of 400 accelerometers produced
at a rate of 45 per month.
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Attachment 4

Title: Manufacturing Technology Project to Reduce the Cost of the VCE

System/session_area/components: LANCE/Guidance/Velocity Control Electronics

Problem: The problem is to reduce the cost of the VCE.

Proposed solution: The project would modernize the design of the VCE to 1975 standards.
txtensive use of integrated circuits, flatpacks, etc. would be employed.

Project cost and duration: Estimated costs are as follows:

Design Engineer $ 45,000
Drafting 15,000
Technician 15,000
Manufacturing Engineer 30,000
Q.A. Engineer 5,000
Fixtures 10,000

Total $120,000

Estimated duration of the project - eight months.

Benefits: Benefits to be derived from this project are a reduction in recurring hardware
costs. These reductions are as follows:

Reduction in accelerometer unit cost - 25%
A comparable project is applicable to the DCE with comparable savings potential and cost.

Assunptions: The above analysis is based upon a lot quantity of 400 gyros produced at the
rate o gyrcs per month.
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Attachment 5
Title: Manufacturing Technology Project to Accomplish Hermetic Package Sealing other
than with a Solder Seal

System/session area/component: LANCE/Guidance/Direction Control Electronics and Power
Supply tlectronics

Problem: The package for both the PSE and the DCE consists of an aluminum sand casting
base and a drawn aluminum cover. Both of these package components are plated to provide
solderability during integration. Assembly consists of installation of the connector,
electronic modules and interconnecting harness into the base. Final closure consists of
fnstalling the cover onto the base and finally providing a hermetic seal by soldering a
plated brass band around the perimeter of the completely assembled package at the juaction
seam between the base and the cover. The original design philosophy behind this packaging
approach was to provide a long shelf 1ife for a component assumed Lo be in the throw-away
category. It was also based on the use of hermetic seal materials and methods available
during the early 1960's. The primary problems associated with this package concept are as
follows:

The cost value for each of these components (PSE and DCE) 1s sufficient enough by
todays assessment to remove it from a throw-away category in case of an internal
failure prior to deployment. As a result, salvage and repair are expensive alter-
natives with the current package concept.

Soider band and connector installation are time consuming operations which require
high skill levels for the operator. This skill level has been demonstrated to re-
quire continuous practice by the operator and therefore lends itself to only being
performed where the frequency of occurrence for the operation is relatively high
(not felt to exist at the normal depot level for maintenance).

Because of its inherent porous nature, the hermetic seal integrity of the sand casting
base is primarily a function of the quality of the plated surface. While testing is
done on the base prior to implementation, subsequent surface damage can jeopardize
future hermetic seal integrity.

Proposed solution: The project would investigate current state-of-the-art packaging
methods and to evaluate any improved methods to provide a hermetic seal for components on
missile programs which have LANCE similar requirements. Primary emphasis would be to op-
timize repairability without jeopardizing storage 1ife or operational requirements inhecent
to LANCE. The end result of this project would be the fabrication of a prototype unit.
This unit would be used to evaluate the packaging approach selected when subjected to a
step-stress and accelerated 1ife test program which would be developed to demonstrate
compliance with the LANCE missile objectives.

Project cost and duration: Estimated cost of the project is anticipated to be $100X over
a timeframe of 1Z months.

Benefits: Benefits to be derived from this project include the following:

A reduction in recurring hardware cost (2.5% per PSE and 1.5% per DCE).

A reduction in production lead time.

Improve maintainability.

A reduction of the equipment and labor talent requirements at a depot repair facility.

Assumptions: As described above, this project would not provide how to documentation in a

ormat ch may be required to satisfy an industry wide production procurement program in
a competitive market situation.
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Attachment 6

Title: Manufacturing technology Project to Provide Optimized Production and Acceptance
Testing for the LANCE DCE and PSE Components

System/sesseion area/component: LANCE/Guidance/Direction Control Electronics and Power
Supply Electronics

Problem: A major cost driver for the subject subsystems is the result of test time re-
quired to support both in-line verification and acceptance of hardware. Since all testing
is currently accomplished using manual test equipment, the production program would benefit
should tests be performed using automated equipment. Besides the recurring cost advantage
realized by the reduction in time required for acceptance and verification, other advan-
tages provided by an automated test set would include: elimination of most human failings
which can resuit in testing blunders, the potential (without straining test capability) for
expanding parameters to be tested and data recording and storage advantages.

vroposed solution: The scope of the proposed project would encompass the design, fabrica-
tion and checkout of an automated test console (including software). In concept, this
~ouipment would provide sequential test commanding which could be accomplished either
wa~.ally (on test operator command) or automatically by a tape reader or similar sequencing
device. Speed of operation in the automatic mode would be dependent only upon setting

times required by the UWT (DCE or PSE). Stopping on UUT faults or advancing through to

any selected point in the test program would be a project design feature useful for trouble-
shooting or other in depth investigations. The project would take advantage of experience
and existing talent which has been accumulated at E-Systems on similar production programs.

Project cost and duration: Estimated cost of the project is anticipated to be $1,000,000
over a timeframe estimated to be 18 months.

Benetits: Primary benefits to be derived from this project are a reduction in recurring
are costs. These reductions are anticipated to be as follows:

DCE test reduction 1.5%
DCE Test Support (Engineering) reduction 3.8%
OCE net test reduction 5.3%
PSE test reduction 1.3%
PSE test support (Engineering) reduction 3.7%
PSE net reduction 5.0%

Assumptions: As defined and estimated above, this project would result in an automated
tes% console which would demons‘rate the desired test time savings if implemented in the
production prograr.. [t would not, rowever, cover or provide for changes to production
hardware documentation which would he required to specify the proposed alternate method
and equipment for production test!n3; nor would it develop or provide how to make, how
to use or how to calibrate documentation other than that which might be needed to support
the E-Systems in-house quality assurance requirement.
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Attachment 7

Title: Manufacturing Technology Project for developing an automated assembly 1ine for
fabricatior. and assembly of harnesses for aerospace applications.

System/session area/components: LANCE/Guidance/Harness Assembly

Problem: In the experience gained with the LANCE missile, the harness assembly comprises
haTf of the total inhouse fabrication, processing, assembly, testing and inspection costs
of the guidance set. Fabrication and processing of the harness contributes 28 percent of
its unit cost.

Proposed solution: The proposed solution ‘s to undertake a development program for appli-
cafgon of automated and modularized 1ine-processing technigues to the fabrication and as-

sembly of harnesses. The program objectives would be as follows:
(a) Development of a standardized line-processing equipment concept, which would be
capable of application to a majority of current and future missile systems.
(b) Development of a protoiype, automated processing l1ine to support the study of
alternatives under item (a), above.

In developing the processing 1ine concepts, the utilization of existing, proven processing

systems will be maximized. One of the possibilities of such an application is given below:

Operation Example of Automation

Wire preparation, including stripping, Replace all soldered connections with

pig tailing, preparing jumpers, cutting crimped connection.

and tinning.

Solder connectors, cups, wires, etc. Use Eubank$ type Stripper/Terminator,
automatic equipment for automatic

Assemble ferrels, contacts, back:hells, measurement, cutting, stripping and

etc. terminal attachment.

Route wires on harness boards. Use Huges wire-center systems including
solderless wire-wrapping inter-connec-
tion techniques where applicable.

Wrap RF] shield and tape. Substitute with the use of zipper-type
tubing using special semi-automated

Shrink tubing. ‘ools.

Spot-tie wires. Substitute TY-WRAP mechanized systems.

Project cost and duration: Estimated costs are as follows:

Prototype equipment, construction and installation $225,000

Equipment improvements and modifications 145,000

Engineering support and technical data 330,000

Total $704,000

The estimated duration of the project is 27 months.
Benefits: Benefits to be derived from this project are:
A reduction in recurring hardware cost for harness = 15%.

A standardized automated processing system for fabrication of harness assemblies for
aerospace applications.
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Attachment 8

Title: Manufacturing Technology Project to provide Reduced Missile Cost by De-
moduTarization and Increased Use of Integrated Circuits

System/session area/component: LANCE/Guidance/Missile Guidance Set

’rocblem: Study shows that major cost drivers do not exist in the LANCE guidance system;
therefore, no single manufacturing technology project could produce a significant cost re-
duction in the LANCE guidance set. However, four separate subassembiies, each housing dif-
ferent electronic circuits used in the guidance function, are contained within the set.

The initial impetus for the individual subassemblies includes both the need for packaging
room and modularity for field maintainability. The evaluation of the LANCE operational
concepts in which the Guidance Set is removed as an assembly and returned to Direct Support
for fault isolation to the subassembly level and consequent replacement has eliminated

the need for modularity. Combining the four electronic subassemblies into one larger sud-
assembly will reduce cost of the guidance set hy elimination of many individual connectors,
harnesses, enclosures, 2tc.

Proposed solution: The cost of the LANCE missile guidance set can be significantly reduced
by repackaging the four electronic subassemblies into one larger unit. Further gains in
cost reduction, as well as easing the packaging effort, can be accrued by redesign of cur-
rent discrete component circuits to make maximum use of integrated circuit (IC) technology.
The effort would provide substantial savings by reducing printed circuit board count, com-
ponent count, connector count, and harness complexity.

Project cost and duration: Estimated costs are as follows:

Circuit redesign and breadboard test $100,00C
Packaging redesign 32,000
Prototype fabrication and test (3 units) 200,000
Technical documentation 200,000

Estimated duration of the project is 12 months.

Benefits. Primary benefit to be derived is a 15 percent reduction in cost of the Missile
Guidance set.

Assumptio.'s: Project cost and duration extensive qualification testing such as EMI,
[{ghtning e “ects, RFI, etc. will not be required.
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PERSHING II MISSILE SYSTEM GUIDANCE SUBSYSTEMS

P.J. Brennan, Jr.
Martin Marietta Aerospace

Orlando, Florida 32805

ABSTRACT

This paper reviews the guidance subsystems of the Pershing II Missile System. This
system, which is presently in the Advanced Development Phase, is being monitored for pro-
duction design and costs as part of the Army Design to Unit Production Cost program. The
guidance subsystem cost is furnishe? for the standardized component categories requested.
Cost drivers, and manufacturing technology projects to reduce cost, are identified.

INTRODUCTION

Martin Marietta has been pursuing continuing studies and developments applicable to
the Jershing Missile System for the U.S. Army Missile Command. These include improvements
in Pershing performance, cost-effectiveness, and flexibility in field operations. For
example, the Automatic Reference System (ARS), which evolved from a requirement to auto-
mate the azimuth determining and presetting procedures for the Pershing Ia guidance sub-
system, is now entering operational service.

The constraint which guides the development of the Pershing Missile System is that it
has to be both militarily effective and, because of the necessity for a minimum of collat-
eral damage to civilians, politically acceptable to solve the "Tactical Nuclear Dilemma"
arising from the use of tactical nuclear weapons. The Pershing II Missile System provides
a solution to this problem with the us: of a small nuclear weapon, a short reaction time,
low vulnerability, and an order of magnitude improvement in accuracy. Pershing is capable,
with present technology, to satisfy the improved accuracy requirements, and already pos-
sesses the required reaction time and low vulnerability.

The Pershing II Missile System is now in the Advanced Development (AD) phase. Follow-
ing successful demonstration in the Terminal Radar Area Correlator Experiment (TRACE),
which was a helicopter captive flight test program to prove the feasibility and accuracy
of the radar guidance system for a terminally guided reentry vehicle, the guidance sub-
system was changed significantly for the Pershing II Missile System. Engineering models
of the guidance subsystem equipments have been fabricated and factory acceptance tested.
Flight test in helicopler and fixed-wing aircraft is presently in process to simulate por-
tions of missile performance. Prototype equipments are in design/fabrication phases lead-
ing to Pershing II missile flights late in 1977. Production designs and costs are being
pursued as part of the Army Design to Unit Production Cost (DTUPC) program. Prodi~tion
cost information used in this presentation is obtained from the DTUPC phase of the Pershing
II program.

Preceding page blank
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SYSTEM DESCRIPTION

Pershing 11 Missile and :eentry Vehicle

Pershing II capability will be provided by a small cost increase over maintaining the
preaent Pershing Ia system. The cost increase is small because the Pershing II Weapon
System is a modular improvement to the Pershing Ia system, utilizing the existing Pla first
and second stage motors, launcher, and other ground support equipment. The only change to
the system is the front end of the missile., The Pershing Ia guidance and control section
and reentry vehicle (RV) are replaced with a new RV containing an inertial system for guid-
ance snd control throughout missile flight, a radar area correlation terminal guidance
and control system, and a warhead., The Pershing Il missile is launched, like Pershing Ia,
on an inertially guided boost phase trajectory to second stage cutoff and reentry vehicle
separation, after which the reentry vehicle proceeds on an attitude controlled ballistic
path to the terminal phase. An all-weather radar is activated in the terminal phase to
correlate the returns from an area surrounding the target with a prestored reference map
of the target area. Several such correlations are obtained during terminal descent to
derive position corrections for updating the inertial position of the reentry vehicle.

This technique provides an order of magnitude improvement over Pershing Ia in delivery
accuracy. Without terminal guidance activation, the Pershing II still achieves the same
accuracy as Pershing 1la.

The tactical reentry vehicle shown in Figure 1 contains the complete missile guidance
subsystem. Basic guidance is provided by a combination of inputs from the inertial measure-
ment and radar correlator systems. Control is maintained by both reaction jets and air
vanes. Guidance commands are given by the Pershing airborne computer which derives 1its
inputs from the inerticl measurement unit, rate gyro unit, and the radar correlator system.

The guidance subsystems considered in this paper are the:
Inertial Measutrement Unit (IMU)

Pershing Airborne Computer (PAC)
Sensor Correlator System {SCS)

Radome
RADOME REACTION SYSTEM
MU
STABILIZED
ANTEMMA A[RBORNE
COMPUTER
SENSOR
CORRELATOR
SUBSYSTEM
/

Figure 1. Tactical Reentry Vehicle
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Inertial Measuremeut Unit. The Inertial Measuremeut Unit (IMU) consists of a 4-gimbal
platform which uses gyros as sensing elements for stabilization, and accelerometers for
measuring acceleration. During flight, the IMU, in conjunction with the airborne computer,
supplies missile guidance and control output functions of navigation and steering, and also
stabilizes the radar sensor gimbal during the terms.al flight phase. The IMU also, in con-
junction with the airborne computer, performs a self-alignment during ground operations
without the need for external referencing equipwent for determining the azimuth of the IMU
with respect to north.

The IMU built by Singer-Kearfott for the Pershing II application uses off-the-sghelf
hardware and designs from the KT-70 family of Kearfott IMU's, principally from the SRAM
t ‘gsile and A-7 Aircraft IMU. The IMU azimuth cluster, housing the inertial elements
(sgvros and accelerometers), consists of A-7 components in its entirety. The zimbal systen
stricture also contains A-7 components for the2 most part. Over 1000 A-7 IMU's have been
pro¢ uced.

The gimbal system is housed in a cylindrical casting mounted through shock isolators
(aee Figure 2) to a base, one side of which also provides mounting for the shock mounted
ele:' ronics housin;;. The electronics components are mounted on five multilayer printed
rficuit cards measuring 6.6 x 8.6 inches overall with a 6.0 inch radius on one side. The
five e.ectronic assemblies are dedicated to the following functions: one for the power
supply, one for the X and Y axis digital accelevromeer loop, one for the Z axis digital
accelerometer loop and the serial core memory, one for sequence and alignment, and one for
gimbal control. These carde are mounted on three replaceable subassemblies wiiich are cast
frames which provide stiffneas as well as cooling (see Figure 2). The parts count for the
IMU is detailed in Table I.

Figure 2. I'nertial Measurement Unit
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TABLE 1

Guidance Parts Count

MU PAC SCS Total
Quantity Quantity Quantity Quantity

Integrated Circuits 164 681 624 1469
Resistors 852 769 2094 3715
Capacitors 369 774 1025 216%
Diodes 164 120 139 423
Transistors 187 63 230 480
Inductors/Transformers 27 5€ 50 133
Connectors 5 61 133 199
Printed Circuit Boards 6 23 15 44
Miscellaneous 40 29 42 111
TOTAL 1814 2576 4352 8742

The cooling system is a forced air system in which the air first passes over the gim-
bal outer housing and then into the electronic section where it passes over fins cast into
the module frames. Protection for the electronics as well as the containment and ducting
of the cooling air flow is provided by a drawn sheet metal cover. The interconnections
of the modules is via a wire wrap tray. The interconnection of the gimbal electronics and
the I/0 connectors is with printed flexible harness assemblies.

General Characteristics

Weight 32 1b

Size 8.5 x 10.5 x 13 in.

Platform 4 gimbal (azimuth, inner
pit=h, roll, outer pitch)

Linear acceleration 40g each axis

Vibration 25.3 grms

Shock 2850g peak

Pershing II Airborne Computer. The Pershing II Airborne Computer (PAC), designed by
Bendix, consists of four functional areas.

A central procegsor unit (CPU) performs all the computational, processing, and format-
ting requirements for the air, ground, and test modes of the Pershing II Missile Weapon
System. A memory section provides the required storage of both the program and data for
all operational, executive, ground communications, anu test programs. In addition, storage
is provided to facilitate program loading and computer startup. An Input/Output (1/0)
section controls inputting data from and outputting data to the required missile subsystems
and ground support system. The fourth function is the power supply section.

The structural and thermal design utilized in the PAC is a direct descendant of the
BDX-900 family from these Bendix programs: the Bl Bomber Air Inlet Control System, the Bl
Electronic Control Assembly for the attitude reference system, the S3A Aircraft Flight
Guidance Computer ard Air Data Computer, and the Mark 30 Underwater Vehicle Strapdown
Guidance and Control System. The design consists of a brazed aluminum housing which

24



provides two cold walls for the forred air cooling system (see Figure 3). The unit con-
tains twelve plug-in modules anc space for one spare card. Nine of these are multilayer
printed wiring boards 6 x 6.5 irnches in size comprising the following functions: Arith-
metic Card (1), Control Card (), Interrupt Card (1), Serial Data Card (1), A/D-D/A Convert-
er Card (1), Signal Conditioner Card (3), Monitor Card (1). The remaining three modules
are the Analog Power Supply (an assembly consisting of two multilayer cards), the Logic
Power Supply (an assembly comprised of several small PC cards), and the 16K core memory
module. The modules are interconnected by means of a wire wrapped backplane with connec-
tions to the I/O connectors by flexible printed circuit harnesses.

Figure 3. Pershing II Airborne Computer
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The Central Processor Unit (CPU) employed in the PAC is identical to that used in the
3DX-9C0 -~omputers with the exception of incorporating components of a low power dissipationm,
and minimum circuit changes to increase the computational rate; however, the architecture
and utility software are identical. It is interesting to note that flight software develcp-
ment time was materially reduced through the use of &« BDX-9000 computer, a commercial
equivalent of the BDX-900. This allowed software to be developed concurrently with PAC
development and manufacturing.

The core memory is s modified electronic memories SEMS 9 16K memory. This memory is
a descendant of the 4K SEMS 8 memory used in the MK-30 system and F15 Avionics Intermediate
Shop which were both built by Bendix.

The Input/Output section of the computer incorporates design features from both the
Mark 30 and the present Bendix BDX-820 computers utilizing present state-of-the-art compo-
nents.

A parts breakdown by generic type for the computer is shown in Table I. The large
proportion of integrated circuits used, many of them MSI and LSI devices, is key to achieve-
ment of the high packaging density, low power, and high reliability required for the PAC.

General Characteristics

e Parallel, microprogrammed, 16 bit CPU with 2.4 us add time

® 16K x 16 bits plus parity RAM and ROM memory with 1.2 us cycle time
e 13 priority interrupt levels

e ac and dc analog, pulse, serial binary, and discrete inputs

Pulse inputs 3 accelerometers
Serial inputs: 16 bit serial-parallel converter
Discrete inputs: 24 differential TTL, 30 - 28 Vdc
Power input: 25.5 to 32.5 Vdc

e dc analog, serial binary, and discrete outputs

¢ Weight: 35 1b

e Size: 12.5 x 13.75 x 7.5 in. max

® Linear acceleration: 40g each axis

e Vibration: 24.3g rms max

e Shock: 1550g peak

Sensor Correlator Subsystem. The Sensor Correlator Subsystem (SCS) located within

the Pershing II reentry vehicle, provides relative target position information for reentry
vehicle guidance during the terminal phase of flight. The SCS is a combination all-weather

radar sensor and automatic area correlator integrated as part of the guidance subsystem
furnished by Goodyear Aerospace.

Upon a command indicating arrival at the target area, as derived from inertial coordi-
nates, vehicle altitude is computed using the first return signal availsble. The radar
provides terrain reflectivity, as its entenna scans about a vertically stabilized axis
from vhich a Plan Position Indicator (PPI) image is created and stored in the correlator.
This image is compared in the correlator with a previously prepared reference image, and

26



PR it A
; .

signals are generated that indicate missile displacement from tlie inertially comj uted
position. These signals, along with the altitude error signal, are used to correct the
inertial data in the Pershing Airborne Computer (PAC), which, in turn, generates =missile
steering commands to the air vanes.

The SCS includes the Stabilized Antenna Unit (SAU), Radar Unit (RU), Correlator Unit
(CU), and Power Converter Unit (PCU). See Figure 4.

The Stabilized Antenna Unit consists of a three-degree-of-freedom gimbaled antenna
with associated drive motor and resolver pickoffs. There is a servo electronics housing
containing one double sided printed circuit card holding IC's and discrete components.

The SAU utilizes a separate altitude measurement antenna and a terrain mapping antenna
with associated wave guide switch, feed horns, rotary wave guide joints and linkage nor-
mally associated with antenna systems. This unit i{s 16 inches high and requires a 16 inch
diameter clearance and is mounted forward in the nose of the missile and is covered by the
radome.

Figure 4. Sensor Correlator Subsystem
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The Radar Unit consists of &« cast housing containing a tunable frequency agile mag-
netron, receiver, modulator, tracking local oscillator and associated waveguide and semi-
rigid coaxial cable. The housing has a formed cover which provides an RF tight enclosure.
The unit contains 12 double sided printed circuit boards which measure 3 x 4 inches and
contains IC's and discrete components. The unit measures 14 x 8 x 8 inches and occupies
one quadrant of the forward section of the missile just aft of the antenna unit.

The Correlator Unit consists of a cast housing which has a cover which provides an RF
tight unit. The unit contains nine multilayer printed circuit assemblies which measure
5 x 10 inches and mount a combination of integrated circuits and discrete components. This
unit alsc houses the correlatron tube and associated hardware which performs the basic
comparison function between the incoming live radar PPI image and a self-contained refer-
ence. The reference film unit assembly used in loading and holding the reference data is
mounted to the outside of the housing. The overall dimensions of the unit are 14-1/2
inches long, 16 inches wide, and it is semicircular in cross secti~~ with a taper to fit
the forward missile section just aft of the antenna unit mor~ _.ng bulkhead.

The power converter unit is a purchased asser* .y which converts battery 28V to 13
regulated output voltages with a peak power ov’ _.ut of 2500 watts. The unit measures 14 x
9 x 9 inches and occupies a quadrant of th- .orward section of the missile just aft of the
antenna unit.

Table I shows the parts cor .. for the SCS.

Radome, The Pershine (I radome assembly consists of three basic parts: (1) a
titanium~zirconium-zoly’ uenum alloy (TZM) nose cap subassembly (including an impact fuze
device and an RF ener_,y absorber), (2) a slip-cast fused silica (SCFS) ceramic radome budy,
and (3) a glass/ep <y attachment ring which is bonded to the base of the ceramic shell,
and by means of _ategral captive nut plates attaches the radome assembly to the RV air-
frame. See Ff_ure 5.
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Figure 5. Radome Assembly
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GUIDANCE SUBSYSTEM DETAILED COST INFORMATION

Inertial Meassurement Unit

The Inertial Measurement Unit cost is apportioned to the standardized
Relative costs for each standard component are then broken down

down as showri in Table II.
into the standardized cost categories by percent.

See Table III.

Using Tables II and III, the total IMU cost breakdown is shown in Table 1V.

TABLE II1

IMU Component Breakdown

component break-

(Percent)
Electronic Assemblies 35
Major mechanical parts 37
(gimbals, structural member)
Gyros 17
Accelerometers 11
TOTAL 100
TABLE II11
IMU Cost Categories
Major
Cost Categories Zlectronics Mechanical Gyro Accelerometer
Material and Purchased Parts 82 50 40 25
Fabrication and Processing 0 7 20
Assembly 16 35 35
Test and Inspection 16 12 14
Support 18 6 6
TOTAL (Percent) 100 100 100 100
TABLE IV
IMU Cost Breakdown
Manufacturing Cost Categories
Standard Guidance Purchased|Fabrication and Test and
Component Materials| Parts Processing Assembly|Inspection |Support
Electronics 35 - 28.6 - 2.1 1.4 2.8
Major Mechanical 37 - 18.5 - 5.9 5.9 6.7
Gyros 17 - 6.8 1.2 6.0 2.0 1.0
Accelerometers 11 - 2.8 2.2 3.9 1.5 0.7
TOTAL (Percent) 100 - 36.7 3.4 17.9 10.8 11.2
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The major cost driver for the Pershing II IMU is purchased parts at 57 percent of the
total IMU cost. A further breakdown of this shows that the electronic component purchase
is slightly more than 50 percent. The major mechanical area, which includes the resolvers,
the gimbale, and slip rings accounts for a little more than 32 percent of the purchased
parts costs. The parts purchased for the inertial components (the gyros and accelero-
meters) sccount for less than 17 percent. This is no doubt due to the fact that both the
gyros and accelerometers are used on many other Kearfott IMU programs and production economy
can be achieved.

The next major cost driver for the Pershing II IMU is labor which can be broken down
into three subareas of assembly, test and support. It accounts for 43 percent of the total
IMU cost. As can be expected in a complex system such as an IMU, the agsembly accounts
for the major share of the labor costs at approximately 50 percent. Support and test
account for approximately 25 percent each. Although complex tests are run on an IMU, the
test labor is relatively low because a great many of the tests are run with automatic test
equipment under computer control.

The material/labor ratio of 57 percent material/43 percent labor is due to the use of
hybrid electronics where possible and, although hybrid components tend to be higher cost
components, fewer components are used. In addition, another factor that influences thas
cost ratio is the automatic testing concept.

Airborne Computer

The Pershing II Airborne Computer is classified under the Electronic Assemblies
standardized component heading. The relative costs for the standardized cost categories
are shown in Table V.

The primary cost drivers are purchased parts - 50 percent, and assembly - 33 percent.
In the purchased parts, the particular costly items are:

1 Core memory (16K words, 17 bits/word)

(L]

MIL-STD, HI-REL parts

3 High performance linear IC devices and ultra precision resistors.

The core memory accounts for at least 20 percent of the total cost of the computer.
Appreciable cos: savings should be possible in this area with the availability and appli-
cation of v non-volatile semiconductor memory.

TABLE V

Airborne Computer Cost Categories

Cost Categories (Percent)
Material and Purchased Parts 50
Fabrication and Processing 8
Assenbly 33
Test and Inspection
Support
TOTAL 100
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The use of Military-Standard, HI-REL parts, particularly for inteagrated circuits,

Wnile the additional
cost of MIL-M-38510 devices may ultimately be reduced, this has to be regarded as a signi-
ficant cost factor for the foreseeable future.

probably accounts for another 15 percent of the total computer cost.

The use of high performance linear integrated circuits and ultra-precision resistor
networks to meet very tight gain stability znd linearity requirements in analog channels
accounts for an estimated 5 percent of the total cost.

Sensor Correlator Subsystem

The Sensor Correlator Subsystem cost is broken down to the standardized guidance com-
ponents shown in Table VI.

Relative costs for each standard component are now shown in the standardized manufac-
turing cost categories of Table VII.

TABLE VI

SCS Component Breakdown

(Percenc)
Electronic Assemblies 40.9
(Correlator Unit)
Microwave Devices 27.4
(Radar Unit)
Major Mechanical Parts 20.1
(Stabilized Antenna Unit)
Cables 425
Power Supplies 7.1
(Power Converter Unit)
TOTAL 100.0
TABLE VII
SCS Cost Categories
Microwave Major Mechanical Power
Electronics Devices Parts Cablee Supplies
“aterial 4.5 0.6 122 0.1
Purchased Parts 63.3 78.2 66.0 19.0 100
Fabrication and 10.3 7.5 17.1 1.8
Processing
Assembly 15.8 9.8 7.5 36.2
Test and 2.2 1.5 4.8 32.8
Inspection
Support 3.9 2.4 3.4 10.1
TOTAL (Percent) 106.0 100.0 100.0 100.0 100

k)
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TABLE VIII

SCS Cost Breakdown

Manufacturing Cost Categories

Standard Guidance Purchased |Fabrication and Test and
Component Materials| Parts Processing Assembly|Inspection|Support

Electronics 40.9 1.8 25.9 4,2 6.5 0.9 1.6
Microwave Devices 27.4 0.2 21.4 2.1 2.7 0.4 0.6
Major Mechanical 20.1 0.2 13.3 3.4 1.5 1.0 0.7
Cables 4.5 0 0.9 0.1 1.6 1.5 0.4
Power Supplies 7.1 7.1

TOTAL 1002 2,2 68.6 9.7 12.3 3.8 3.3

TABLE IX

SCS High Cost Items

Percentage of
SCS Costs
Radar Receiver Front End with Tracking Local Oscillator 10.8
Tunable Magnetron 3.3
Correlatron 3.0

Using Tables VI and VII, the total iCS cost breakdown is shown in Table VIII.

The major cost driver of the SCS is purchased material which accounts for apprcximately
70 percent of the SCS total cost.

items of which only one is used per guidance system.

Of this 70 percent, 17 percent i3 in three high cost

See Table IX.

r
ci

the total parts

count, Table I, the remainder accounts for 50 percent of the SCS costs.

The other cost driver is touch labor which accounts for about 25 percent of the total

SCS costs.

Radome

The manufacturing cost category breakdown of the radome is shown in Table X.

TABLE X

Radone Cost Categories

(Percent)

Materials

Fabrication and Processing

Assembly

Test and Inspection

Support
TOTAL

12.6
66.5
4.6
12.8
3.5
10C .0
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The cost driver is touch labor. A description of the fabrication process is furnished
with references to the effect on cost of the various steps in the fabricationm.

The TZM nose cap if conventionally machined from bar stock and is not a major cost
contributor to the rsdome assembly. The attaclment ring is fabricated by hand layup of
pre-impregnated glass fabric on a mandrel wich conventional debulking methods used at
intermediate stages of the layup. The completed layup is autoclave cured on the mandrel
under elevated pressure and temperature and the cured part is machined to proper external
contour while attached to the mandrel. The proper internal contour of the attachment ring
is provided by the external shape of the mandrel thus reducing machining time. Fabrication
of the attachment ring up to the point of bonding it into the ceramic body represents
approximately 13 percent of the end item cost of redome and only 0.6 percent of the guid-
ance system cost; therefore, cannot be considered a major cost driver,

Febrication of the SCFS ceramic radome body represents approximately 46 percent of the
end item cost of a radome assembly (2 percent of guidance uystem cost) and is considered
the major driver of the radome coat. The radome body is produced by slip casting in a
plaster mold, firing the resultant ''green" casting at elevated temperature to produce a
dense, rigid blank and grinding the blank to required dimensions. The starting material,
slip, 1is a slurry of finely divided silica particles suspended in water. The plaster mold
is made by allowing plaster of Paris to harden around a model of the shape to be duplicated.
The plaster mold together with an internal displacement mandrel (sized to produce the re-
quired inner shupe of the as-cast blank) is then filled with slip under pressure, The
plaster outer-wall of the mold absorbs the water from the slip leaving a filter cake depos-
it which becomes the desired shape. The thickness of the cast wall is a function of time
and typically a Pershing II radome blank requires approximately 6 hours of casting time.
Excess slip is then drained from the mold after the deeired cast wall thickness is obtained
and the cast shape is allowed to partially dry in the mold before removal. The casting is
then drieé thoroughly in a temperature and humidity controlled enviromnment to remove ab-
sorbed moisture before firing in a kiln to develop the desired sintered strength and den-
sity (which in turn determines the dielectric constant of the material). A typical firing
cycle is six hours at 2200°F in air. It is during the critical casting, drying, and fir-
ing cycles that differential shrinkage of the part occurs and if not carefully controlled
can result in cracking of the part, rendering it useless. Even with stringent control, a
typical yield will be one useful blank for every two cast. During startup of a production
run, casting yields are even worse, typically one of three or four until the process
"tailoring" phase is complete for the particular part geometry involved. Fortunately, at
this point in the process the material and manpower investment is relatively low so that
low initial yields do not substantially drive the finished cost of a radome when produced
in quantity (100 or more units).

After firing, the casting is thorough.iy inspected for cracks, inclusions, and other
flaws and then proceeds into the grinding phase which accounts for approximately 88 percent
of the finished cost of the ceramic body. Two vertical grinders with diasmond wheels are
used in the operation, one to form the outside contour of the part and a separate unit ic
grind the inner contour. Approximately 70 hours of continuous grinding are required to
produce a dimensionally acceptable radome body from the as-cast blank., Because of the
hardness and vrittle nature of SCFS, past attempts to reduc: machining time by increasing
feeds and speeds has invariably resulted in increased losses (reduced yield) and has proved
economically unjustifiable.

After completion of grinding and necessary dimensional inspection, the part is oven
dried to remove moisture, sprayed with a sealer of silicone resin, and proceeds to final
assembly where the glass/epoxy attachment ring is bonded into the unit and the nose cap
assembly is fitted.
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Total Guidance Costs

The total Pershing II Guidance Subsystem cost is summarized in Table XI. The cost
drivers identified previoucly in this paper carry over to the total guidance subsystem
unchanged. We see that we have approximately 60 percent purchased material and parte ver-
sus 40 percent other cost categories - primarily touch labor. The 60 percent purchased
material is made up of 30 percent primarily electronic piece parts (except for memory) for
the electronic assemblies, and 9 percent for the microwave devices, where the high cost
RF components predominate. On the labor category, the assembly category at 10 percent for
the ele:tronic assemblies is the only large cost driver.

TAERLE X1

Guidance System Cost Breakdown

Manufacturing Cost Categories
Standard Guidance Purchased |Fabrication and Test and
Component Materials Parts Processing Assembly | Inspection |Support
Radoms 4.5 0.6 0 2.9 0.2 0.6 0.2
Rlectrounice 49.2 1,0 30.4 3.4 10.2 1.5 2.7
Microwave Devices 11.7 0.1 9.1 0.9 1.1 0.2 .3
Major Mechamical 20.5 0.1 1.7 1.5 2.5 2.2 2.5
Gyroe 5.6 0 2.2 0.4 2.0 0.7 0.3
Acceleromsters 3.6 0 0.9 0.7 1.3 0.5 0.2
Cables 1.9 1] 0.4 0 0.7 0.6 0.2
Power Supplies 3.0 0 3.0 0 0 0 0
TOTAL 1002 1.8 57.7 9.8 18.0 6.3 6.4
TABLE XII

Project Cost and Potential Guidance Systeam Cost Reductious

Potential Cost Reduction
of Guidace System Cost
Cost ($) (percent)

Production of printed wiring 452,200 1.0

boards using the semi-additive

technique

Improved production techniques 133,000 1.0

for multilayer rigid-flax

printed circuit asseablies

Elimination of connectors and 205,000 0.1

reduction of intercomnections

Printed wiring board cleaning 120,000 0.15

proceduress

Accelerated cure conformal 120,000 0.2

coating for printed wiring

boards

Microelectronic packaging 65,000 5.0

utilizing leadless inverted

devices (LID's) and chip

component technology
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MANUFACTURING TECHNOLOGY PROJECTS

With the cost drivers identified, the potential manufacturing technology projects
submitted are primarily aimed at reducing the fabrication, assembly, and test cost of the
electronic assemblies through reducing the cost of the printed wiring board. As a result,
these technology projects should have widespread applicability to all electronic systems
in which printed wiring boards are used. The microelectronics packaging project is aimed
at a method of achieving the cost savings of MSI and LSI techniques, without the large
initial investment of time and money, by utilizing component chips in leadless inverted
devices that can be mouated directly on printed circuit cards. Table XII contains the
proposed manufacturing technology projects together with project cost and potential guid-
ance system cost reductions.
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Manufactuiing Process for Producing Military Approved Printed
Wiring Boards Utilizing the Semiadditive Technique

System/Panel Area/Component. Defense Missile Systems/Guidance Control and Launch/
Printed Wiring Boards (PWB).

Problem., The present Military Specifications preclude the use of a cost saving semi-
additive or Thin Copper Foil (TCF) technique for fabrication of PWBs {or Military systems.
Changing existing specifications and writing new ones, where necessary, could result in
considerable savings for the Military, since PWBs often represent 30 to 50 percent of a
subsystem control cost, and improve pollution abatement. Thie process would develop tech-
nology for higher density packaging, finer line widths and improved spacings.

Proposed Solution. The processing techniques required to meet the demanding high
density packaging requirements would be enhanced and the amount of undesirable effluents
reduced. This would require the design, fabrication, installation and checkout of a pilot
1ine. Test specimen fabrication and test data accumulation would be treated as a prime
elemei.x as backup for Military Specification changes. Some of tlie more detailed task
descriptions are:

1l Deteruine the affected roecifications and the degree of impact.

2 Evaluate the process capability for producing laminations without foil pin holes.
3 Establish and perform test requirements.

4 Establish process control.

53 Develop automatic techniques with adaptive controls.

6 Change Military Specifications.

7 Write new specifications.

8 Acquire specification approval.

Project Cost and Duration. Estimated costs are as follows:

Pilot line design $ 22,400
Pilot line ccnstruction - tank facilities 144,800
Pilot line automation - equipment and controls 112,000
Materials 5,000
Engineering support and tech data 112,000
Specification approval 56,000

$452,200

Estimated duration of the project is 24 months.

Benefits. Expected benefits to be derived from this project are a reduction in re-
curring hardware costs for all PWBs produced for the Military and also improved pollution
abatement. The reductions are as follows:

Reduction in drilling costs 202
Reducztion in etching costs 80%
Total reduction of a PWB 30%
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This results in a 2 percent reduction in electronic assembly costs, and approximately 1
percent potential guidance system cost reduction.

Assumptions. That all branches of the Miliitary are receptive to common specifications.
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Improved Production Techniques for Multilayer Rigid-Flex
Printed Circuit Assemblies

System/Session Area/Component. Missile/Electronic Controls/Electronics

Problem.

complex interconnections needed for high density advanced design electronic assemblies.
Present day techniques and tooling employing bench operaticns for their manufacture are
expensive, and more automated lower cost concepts are required.

Procedures, tooling and bench operations are used to laminate, solder and trim M/L

rigid-flex circuitas.

The f,llowing process requirements exemplify the problem areas which

will require more mechanization in their fabrication.

Problem

o v & | & |-
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Etching thin film laminates.

Selective cutouts of prepregnated fabric.

Bonding of copper to flexible H-film.

Curing of M/L laminated circuits.

Drilling, plating and verification of thru-hole connections and circuits.
Cutouts of M/L printed circuit board laminates and flexible H-film.
Skiving of flexible H-film for soldering branch circuit pads.

Soldering of M/L rigid-flex assemblies.

Proposed Solution. This project would center on development of new manufacturing

techniques, low cost tooling concepts, mechanized procedures susceptible to automati.n,
and producibility guidelines for production improvements in processing M/L rigid-flex
assemblies. Present manual, bench type methods will be replaced with techniques which
are inherently less costly by one or two orders of magnitude. The following actions are
proposed:

1
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Technical survey on M/L rigid-flex applications.

Design process and tooling improvements (standardization).
Prepare cost tradeoff analy 4s.

Pilot production of work samples.

Preproducibility/design guidelines.

Technical demonstration of automation.

Issue project documentation/reports.
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Project Cost and Duration. Estimated costs are as follows:

Manuvfacturing and engineering effort in information

collection, design, and checkout of new techniques $112,000
Tooling 14,000
Material 6,000
Travel 1,000

$133,000

Estimated project duration is 14 months.

Benefits. Benefits to be derived are a reduction in recurring hardware costs as
follows:

Estimated reduction in manufacturing and
quality labor costs of rigid-flex assemblies 802

This is equivalent to an electronic system cost reduction of 1.8 percent, and approximately
1 percent potential guidance system cost reduction.

Assumptions. That utilization of rigid-flex packaging techniques will continue to be
needed in the manufacturing technology applications of the 1980's.
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Elimination of Connectors and Reduction of Interconnections

System/Panel Area/Component. Missile/Electronic Controls/Connectors

Problem. The use of connectors for round-to-round, flat-to-flat, and flat-to-round
contacts often encounters problems because of hardware availability, hardware cost and
system reliability. A standard connection typically requires a minimum of three inter-
connections to achieve electrical continuity between two electrical conductors.

Proposed Solution. Connectors will be eliminated and the interconnection between
electrical conductor and male/female members reduced by joining electrical conductors to
each other, thereby effecting only one interconnection instead of the usual three. Join-
ing methods will be developed which are reversible and nonreversible. Nonreversible
interconnections may be "broken” by removal of 1/8 inch interconnection area and reprepar-
ing adjoining conductor ends for reconnection.

Where testing requires multiple disconnects a temporary wmechanical interconnection
may be made until final assembly is desired with a reversible or nonreversible direct
conductor to conductor interconnection.

Interconnection will be made by mechanical, soldering, or metallurgical hand proce-
dures singly or in combination.

Project Cost and Duration. Estimated costs are as follows.

Manpower requirements $165,000
Facilities 20,000
Engineering support 20,000

$205,000

Estimated duration of project is 24 months.

Benefits. Benefits to be derived from this project will reduce project cost for the
fabrication of the larger missile systems such as Pershing by approximately 0.1 percent
each.

Assumption. The presently conceived and demonstrated interconnection philosophy can
be readily advanced to be production worthy and economical.
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Fabrication of Lower Cost, Higher Reliability Printed Wiring
Boards by Mechanization of Cleaning Procedures

System/Panel Area/Component. Control - autopilot, servos, power supplies, networks,
printed circuitry; guidance - electro-optics, printed circuitry, designators, IR devices;
test equipment - printed circuitry.

Problem. Recent Military Specification revisions (MIL-P-28809) specify use of Rosin
Active (RA) flux for soldering. All traces of rosin must be removed as indicated by ionic
contamination measurement. Presently, specified solvents are not bipclar. They remove
both polar and nonpolar soil; consequently, flux residue is not effectively rexoved. The
problem calls for development of bipolar technology to meet Military Specification require-
ments within EPA/OSHA restrictions. PWB module fabrication is now ineffective and corts are
prohibitive due to poor ionic/benign soil solvency power and redundant cleaning cvperations.

Proposed Solution. New sclvent systems possess high solvency power for both polar
and nonpolar soils. By the use of one of these solvents (35 percent ethanol in freon or
wvater-based solutions) the industry will be able to conform with residual contamination
requirements specified in MIL-P-28809 and other documents. In-process control and moni-
toring technology will be obtained by translation from laboratory measurement instrumenca-
tion on-stream feedback control systems.

Selected solvents will supersede nonpolar chlorinated hydrocarbons and become industry
standards to conform with OSHA/EPA environmental edicts. Single solvent systems that can
remove all soil types will be used tc remove soil to the specified, required levels at a
substantially lower cost with regard to intrinsic value and process labor. Developed in-
line cleaning process would contain self-monitoring of solvent-of-Printed Wiring Board to
ensure repetitive process effects automatically.

Project Cost and Duration. Estimated costs are as follows:

Technical survey $ 5,000
Cleaning system definition 10,000
Pilot line design 15,000
Pilot line construction 25,000
Pilot line demonstration 15,000
Cleaning guideline development 10,000
Engineering and technical support 20,000
Adaptive controls and mechanization 20,000

$120,000

Estimated duration of this project is 24 months.

Benefits. The benefits to be derived from this project may be applied to all elec-
tronic modules included in platforms, microwave devices, power supplies, transmitters, and
sensors.

Electronic module cleaning costs for both labor and materia. can be reduced by a fac-
tor of 50 percent over present industry standards, and a potential guidance system cost
reduction of 0.15 percent is estimated.

Improved performance and higher acceptancr rate in fabrication will result from
ability to use more active flux for improved solderability. The reliability/acceptance
rate will improve by 20 percent,
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An intangible benefit will be derived from the use of OSHA/EPA approved solvent sys-
tems and the ability to meet new Military Specification requirements.

Assumptions. The cost and acceptance benefits will be achieved from known tested
solvent systems and well-designed, functionally-controlled stock hardware items,

The solvent usage will conform with EPA/OSHA standards as now defined and/or pro-
jected for future utilization.
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Accelerated Cure Conformal Coating

System/Panel Area/Component. Guidance/“rinted Wiring Boards/Connector Potting

Problem. Conformal coating now costs in excess of $10 per printed wiring board.
bulk of this cost is from setup and touch labor. To obtain proper material properties,
precise two-part weighing is required. Curing is for 4 to 6 hours at elevated temperature,
during which time coating is tacky and attracts atmospheric contaminants, causing rework.

The curing cycle is a major manufacturing constraint. When the disadvantages of two
part conformal coatings are considered - mixing, application poisonous solvent cleanup for
gun and masks, pot life, and energy requirements - single material with indefinite pot life
and fast cure (4 to 10 seconds) becomes extremely attractive.

Proposed Solution. Fast cure one-part resin systems are in widespread use in the
furniture arnd printing industries. The material is easily applied by airless spray or
curtain coating. The photo-initiator serves as a catalyst causing 100 percent liquid-to-
solid conversion in a few eeconds when ultraviolet radiation is beamed onto the liquid
film. No other energy is required for curing.

Since the new technology is reduced to practice, the success risk is low. What must
be developed however is a "curtain" flow of resin to accommodate irregular shapes of Printed
Wiring Boards as the present art is for flat surfaces (originally deveioped for coating
wood panels with epoxy at 100 feet per minute).

Preliminary development work shows that certain ultraviolet-cured resin families will
meet the stringent requirements of MIL-I-46058C with regard to protective qualities and
coating hydrolytic reversion characteristics.

Project Cost and Duration.

Specify coating and curing equipment $ 30,000
Develop processing technology for regular shape§ 30,000
Develop control technology 30,000
Certify process with written process 10,000
Implement process in production 20,000

$120,000

Project is expected to require 24 months for completion.

Benefits. A cost-effective conformal coating system will be developed which cures
in seconds instead of hours. Cost reduction will accrue from curing time factors, mecha-
nized (curtain coating) application, energy savings, and material cost savings (no waste
due to pot life).

The benefits derived from Line throughput and readily mechanized in-line staging are
appasont. Process controls ar: minimized, and skilled labor requirements reduced sub-
stantially.

All factors indicate a conformal coating fabrication cost saving of 60 percent and a
potential guidance system cost reduction of 0.2 percent.

Assumption. Modification of QPL list of MIL-I-46058.
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Microelectronics Packaging Utilizing Leadless Inverted Devices (LID'S)
and Chip Component Techn-logy for High Density Packaging

System/Panel Area/Component. Missile Systems/Guidance and Control/Electronic
Asgsemblies.

Problem. Parts procurement typically accounts for 60 percent of all systems cost and
there is a need for high density in many electronic systems. The use of hybrid, MSI and
LSI devices during development and for the production of limited quantities results in a
high initial parts cost, and an excessive turnaround cycle for incorporating changes. The
savings inherent in hybrid, MSI and LSI techniques requires high production to justify the
high front end custs.

Proposed Solution. A technology will be developed to utilize component chips and
LID's attached directly to printed circuit boards by use of a solder cream or conductive
epoxy. Sealing and protection would be provided by a vapor deposition of Parylene. These
circuits will approximate the density of hybrids and allow for repair and the incorporation
of change during the development phases. This technique also has application to the
limited production quantities usually required by an engineering evaluation phase. The
mechanical and electrical characteristics are such that they allow conversions to hybrids,
MSI or LSI if the quantities of a carry-on production phase warrant a change.

Project Cost and Duration. Estimated costs are as follows:

Engineering and Technical Support $36,000
Material 7,000
Travel 2,000
Test 20,000

$65,000

Estimated duration >f the project is 12 months.

Benefits. The benefits of this program are development of a system to allow high
density packaging during initial development phases at cost in line with discrete component
usage, and enhanced ability to convert to hybrid, MSI, and LSI devices during the carry-on
production phase.

The use of LSI/MSI in place of discrete parts can result in savings up to 20 percent
in electrouic assemblies. Since 49.2 percent of guidance system cost is attributed to
electronic assemblies, up to 10 percent guidance system cost savings could be achieved.

A conservative 5 percent potential savings will be allocated to allow for existing MSI
device usage, and for circuits where MSI {s not applicable.

Assumptions. The assumptions made were that the trend of LSI costs is downward and

that this technique has applications to any program where potential production quantities
justify LSI's and where high density/low weight are requirements.
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LOW COST INERTIAL GUIDANCE SYSTEM MANUFACTURING TECHNOLOGY
FOR THE LONG RANGE GUIDED MISSILE

Donald E. Ziebarth
Director of Production

Honeywell Inc.

St. Petersburg, Florida 33733

INTRODUCTION

In assembling this paper and selecting proposed Manufacturing Tech-
nology Projects, Honeywell has attempted to attack the significant cost
drivers. We have also directed our efforts along the goals stated by the
Honorable W. P. Clements, Jr. in his Memorandum for the Secretaries. Spec-
ifically, we have chosen the technology that holds the most potential for
advancing low cost, high reliability tactical missile midcourse guidance
and control-- the Ring Laser Gyro. We are applying modern manufacturing
techniques from the outset of its design (numerically controlled machining,
hot pressed processes versus machining, laser beam cutting and welding,
etc.) and are exploiting the existing Honeywell owned state of the art
capital equipment for maximum producibility and minimum nonrecurring cost
to the Army. 1In addition, we have chosen manufacturing projects that will
assist the Army and advance basic manufacturing technology, thus benefiting
the DOD requirements in general.

It is with these goals in mind that Honeywell submits these projects
to the AMC Conference on Missile Manufacturing Technology.

BACKGROUND

The Long-Range Guided Missile (LRGM) is a tactical surface-to-surface
weapon employing a conventional warhead intended for battlefield support
missions in 1980. Low cost in volume production is of primary importance
for the LRGM, The necessary multiyear development contracts further
emphasize the need for innovative manufacturing techniques to counter the
effects of inflation.

The Army Missile Command is currently evaluating several candidate
concepts for LRGM guidance and control, such as distance-measuring equip-
ment (DME), command guidance, and inertial guidance. Operationally and
logistically, the inertial guidance approach has the advantage of being
completely self-contained and independent of ground stations and ground
or air based data links. It would also utilize elements of the present
Lance missile ground-handling equipment (Figure 1l).

As defined by the Army for LRGM, the missile guidance and control is
performed by a guidance system composed of an Inertial Measuring System (IMS),
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FIGURE 1. LANCE MISSILE ON MOBILE LAUNCHER

Flight Control Computer ("CC), and Unit Power Supply (UPS). 1In turn, the
IMS includes a set of inertial sensors, three rate-integrating or attitude
gyroscopes, and three pendulous accelerometers. The IMS senses the spe-
cific forces (thrust, lift, drag) and angular rates (pitch, roll, yaw)
acting upon the vehicle from initial boost through aerodynamic flight to
impact; the FCC processes the measurements to determine the vehicle's
position, velocity, and attitude in a navigation reference frame which
also contains target coordinates. Using predetermined guidance laws, the
PCC then commands the vehicle to steer to the target. Finally, the FCC
computes autopilot corrections from rate gyro inputs to maintain the
vehicle on a stable path throughout the flight regime.

TECHNICAL APPROACH

The two most common ways to mechanize an inertial system are gimbaled
and strapdown. In the gimbaled approach, the accelerometer triad is iso-
lated from vehicle angular motion by gimbals which are stabilized in the
navigation reference frame by the gyro triad. A separate body-mounted
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rate gyro triad is required for the autopilot function. In the strapdown
approach, the gyro and accelerometer triads are mounted ("strapped down")
to the vehicle body directly. The accelerometer outputs are transformed
by the FCC from body to navigation frame by a nine-element direction
cosine matrix which is updated by outputs from the gyro triad. This is
sometimes referred to as an electronic gimbal.

The Honeywell approach to the design of a low-cost guidance system
for LRGM is based on four elements:

a. The strapdown mechanization which eliminates expensive gimbals,
torquers, and gimbal pickoffs.

b. Elimination of duplicate sensors and electronics for the auto-
pilot function, a strapdown characteristic.

c. The ring laser gyro for the strapdown attitude sensor with its
simple, rugged construction, and lower parts count.

d. Standard, commerciaily available high volume electronics parts
for digital processing, control logic, and memory elements.

These technologies have been developed for the Naval Weapons Center/
China Lake on the Advanced Tactical Inertial Guidance System (ATIGS X-0
Experimental Program). The ATIGS X-0 (Figure 2) has repeatedly demon-
strated two to four nautical miles per hour performance on two and three
hour captive flights in an A7E aircraft. Technical and cost goals
established in the ATIGS X-O program for the low cost production system,
as shown in Table I, have resulted in the design of the modular ATIGS-2
System shown in Figure 3. Engineering development of ATIGS-2 is expected
to be complete in 1978 with pilot production in 1979 and full volume
production in 1980 to 1981.

ATIGS X-0 EXPERIMENTAL SYSTEM ATIGS-2 PRODUCTION GOALS

IEERRETY

ADVANCED DIGITAL Y . .
LS| COMPUTER .t

GYRO STRUCTURE COMPUTER

HYRRIDS
THREE AXIS
RING LASER GYRO
assemeLy NN - - - - ¢
THREE AXiS GG- 1178 ALGS
ACCELEROMETER
ASSEMBLY -_'i'
POWER SUPPLY
ADVANCED
ACCELEROMETERS

ACCELEROMETE RS GYRO GYRO SUPPLY

FIGURE 2. ATIGS X-O FUTURE PAYOFF
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TABLE I. ATIGS DEVELOPMENT GOALS

Volume 500 Cubic Inches
Weight 25 Pounds

Power 65 Watts

Performance 500 Ft SEP (Missiles

o HYBRID HYBRID
ATIGS-2 .° LS COMPUTER PROCESSOR PROGRAM
o MEMORY
) »
GG-1328 RING
THREE AXIS GYRO LASER G YRO LASER GYRO
ASSEMBLY TRIAD
ACCELEROMETER ACCELEROMETER ACCELEROMETER

Qe AND ELECTRONICS TRIAD

SYSTEM POWER
SUPPLY

FIGURE 3. MODULAR ATIGS-2 SYSTEM

COST DRIVERS

This orderly development will allow sufficient time to develop the
proposed manufacturing techniques to insure the successful attainment of
the LRGM production cost goals of the 1980's. In attacking the design to
cost and producibility efforts currently in process, we have identified
the cost drivers and are systematically attacking each area. This paper,
however, has attempted to categorize the drivers per the AMC Conference's
format and will address only three areas requiring special Army attention
and assistance. We feel these three projects fall into the Manufacturing
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Technology charter and the results will be universally usefui to the
industry.

Several obviovcs cost drivers can be identified from Table II:
a. The gyro is the single highest cost driver.

b. The second most signifcant cost item is the electronics, and in
particular, the digital computer hybrids (see Figures 2 and 3).
In Table II, the FCC hybrids are included in purchased parts and
comprise 13.7 percent of the total system cost. The benefits
of the proposed manufacturing project on hybrids will be even
more significant if the decision is made to utilize hybrids in
areas other than the computer, such as inertial sensor
electronics.

c. The third most significant cost driver is the accelerometers,
but since the current plan is to procure these devices, no
technology project is proposed at this time. Honeywell, however,
has under research a heaterless high-g accelerometer which may
be an area for consideration in the future.

Although.system level testing does not shuw in the cost model as a
line item, it is a critical event which limits production rate and influ-
ences per unit cost. In addition, this testing screen must insure that only
"good"” hardware reaches the Army or the life cycle cost escalaces. In
addition, this proposcd testing project would allow the Army to make maxi-
mum utilization of one of the most advanced inertial guidance test facil-
ities in the industry and is in keeping with the Army's objective of
providing incentives "for contractor capital investments in modern, more
effective manufacturing facilities™ (1). Special emphasis will be assigned
therefore, to testing and Honeywell has included a proposed task for this
effort.

TABLE II. LRGM/ATIGS ADVANCED TACTICAL GUIDANCE
SYSTEM COST BREAKDOWN

Manufacturing Cost Categories
Purchased | Fabrication & Test &
Standard Guidance Component Materials Parts Processing Assembly Inspection | Support
Ring Laser Gyros (3) 40.9% 1.3 3.2 E 8.9 3.9 9.4
Electronics (FCC) 21.8% --- --- 1.6 1.4 1.2
Accelerometers (3) 15. 9% --- E ooo .- --- ---
Unit Power Supply 6.2% coo 2.5 --- 2.5 0.5 e.7
Structure 10.1% 3.7 2.4 0.7 1.3 1.2 0.8
Cables & Connectors 5.1% Soo 3.3 --- 1.2 0.4 0.2
TOTALS 100% 5.0 44.9 13.9 16.5 7.4 12.3

| i MAJOR COST DRIVERS
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The next section delineates manufacturing projects to attack. 1In
order of priority: the Ring Laser Gyro, Hybrid Electronics, and System
Test Cost Drivers. Following the technology discussion is the Project
Summary for each of these projects.

PROPOSED MANUFACTURING TECHNOLOGY PROJECTS

Manufacturing Technology Project for Optimizing Hybrid
Manufacturing for the Computer

Problem. 1In its final or production form, the ATIGS Advanced Digital
Computer Subsystem will be a small, compact, and functionally capable
device. It will consist of a circular housing containing two printed
wiring boards as shown in Figure 3. Mounted on each circuit board are
three thick film hybrid packages, each two inches by two inches. One of
these hybrids is a central processor (CPU), one nonvolatile program
memory (PM), one scratchpad memory (SPM), and the other three are input/
output modules. The integrated circuit chip complement consists of approx-
imes tely 400 chips for the total computer and represents approximately 22
pecent of the total system cost (see Table II and Figure 4).

The costs for the computer are divided into the following major areas:
hybrids, circuit boards, and final computer assembly and test. The hybrid
costs, including the integrated circuits, mounting labor costs, and the

FIGURE 4. ATIGS COMPUTER SHOWING THICK fILM PACKAGEY
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device test, account for 81 percent of the total computer cost. These costs
assume the use of commercial parts screened to Mil-Spec reguirements and the
bonding of these parts to the substrate by use of flying wire bolts. The
wire bonding process has been the industry standard for mounting integrated
circuit chips in packages or onto hybrid modules. This technique is time-
consuming and costly. Further, the wire interconnects have been recognized
as the major source of failures in IC's and hybrids. Several attempts have
been made to speed up chip handling processes. 5Some, like Spider Bonding
and Unibond, tried to automate the chip transfer from the wafer to the
dual-in-line lead frame. For others, such as beam lead and flip chip pro-
cesses in which chips were used for multichip applications, modifications

in th2 conventional metallurgy of ICs allowed a collective bonding of all
pads on a substrate. For many reasons, such as pad number limitation,
limited power dissipation capability, and lack of standardization between
manufacturers or cost, none of these techniques has been totally success-
ful in becoming a new industry standard.

Proposed Solution. Preliminary studies have shown that significant
cost reductions can be achieved by eliminating the manual bonding of the
chip leads. The proposed method for achieving this goal is Tape Automated
Bonding (TAB). It derives from the Honeywell Multibond Process and is in
preproduction at Honeywell's Ccmputer Facility in Phoenix, Arizona. The
process consists of two main operations:

a. IC's are picked up from a sawed wafer and bonded to a 16 mm wide,
copper laminated, plastic tape (Ficure 5). Accurate chip orienta-
tion is preserved during and after bonding.

FIGURE 5. TAB TECHNIQUE CHIP SOLDERED TO CARRIER STRIP
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b. Depending on the application, this plastic tape is then wound on
on a reel, or chips in 35 mm slide frame are used to transfer
chips onto the ultimate substrate. In the LRGM computer applica-
tion, IC's will be bonded onto multilayer ceramic substrates.

TAB, as previously described, is conceptually easy to automate
utilizing:

a. A carrier tape (Kapton presently).

b. A wafer sawing machine which preserves chip orientation.
c. A bonder for chip to tape bonding.

d. A bonder for chip to substrate (or lead frame) bonding.

Laminated tape fabrication is not a complicated process. Honeywell
has a commercial production line for its tape needs. Several flexible cir-
cuit manufacturers can also provide tapes to Honeywell's specifications.

Wafer sawing is the second step which has to be automated. Wire saws
have been available for several years. Their major drawback is the kerf
between rows of chips which is larger than usual scribe lines.

A new wafer saw using a diamond impregnated blade has recently been
introduced on the market. It allows a kerf 1z, in the range 0.001 to
0.002 inch entirely compatible with standard scribe lines.

To fully demonstrate the feasibility of the TAB concept, three machines
have been commercially developed. Two of them are bonders and have been
called Inner Lead Bonder (ILB) and Outer Lead Bonder (OLB). The third one
is a test adapter for ac and dc testing of IC chips.

Once IC chips have been mounted on tape (ILB), they would be ac (and
dc) tested in order to bond only good chips on substrates. The flexibility
of performing 100 percent functional testing is one of the main advantages
of TAB. Standardization in the location of the outer ends of leads at the
tape level (Figure 6) provides this fleribility. The test pattern shown
allows use of the same probe head for any chip type provided pin count is
at most 24. Other heads are used for higher pin count IC's.

The TAB process just briefly described lends itself to complete auto-
mation. It has several advantages over the conventional chip bonding
processes:

a. Individual handling of IC chips is completely automated and full
advantage is taken of the high accuracy in chip alignment which
exists at the wafer level and is preserved throughout the entire
process. Without this accurate alignment, complete automation
would be practically impossible.

b. Faest, complete dynamic testing is possible once chips (of what-
ever type) have been bonded on the tape. This step permits only
good chips t> be bonded onto the substrate and thereby reprusents
a significant increase in module yield.

c. In case of multichip substrate applications, compatibility

between equivalent chips of different manufacturers is possible.
Only the inexpensive photomask which defines lead etching has
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FIGURE 6. RIBBON TEST AREA

to be changed. This compatibility is a significant feature which
up to now has been a problem with beam leads and flip-chips.
Table III summarizes the various chip attachment procedures and
compares them to TAB.
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TABLE III. CHIP ATTACHMENT CONVENTIONAL TECHNIQUES VERSUS TAB
Heat
Transfer
Compat- Number |[Connec-| Capa-
ibility |Automation| of tion bilities | pynamic
versoans * Capability| Leads |Length | Rth (J-s) «hy
Die and
Wire Bonding
Good Poor High 0.010" Good Expensive
to
m No 0.030" 2 to
AR A SR limi- l0°C/W
>eudG tation
Beam Lead
Medium [Medium High 0.005" Poor Expensive
Good Poor to
50 0.010" 50 to
Flip Chip
Poor Medjium Low 0.000" Medium Expensive
Good Poor
30
25 to
75°C/wW
TAB
Good Good High 0.020" Good Inexpensive
to
-mz 72 0.040" |2 to
R demon- 10°Cc/W
strated

*Capability to mount equivalent chips from different manufacturers at
same substrate location.
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Project Cost and Duration:

L Assessment and R&D Study of TAB for Military $ 55,000
Applications (Go/No-Go decisions on metalliza-
tion system and approach)

‘e Production Line Prototype Equipment Develop- 120,000
ment and Evaluation

] Test Prototype Equipment Development and 80,000
Evaluation

° Production Line Equipment Fabrication and 100,000
Installation

° Test Equipment Fabrication and Installation 75,000

$430,000

The duration of this program will be 30 months.

Benefits. This technology and production technique will reduce module
test time (all IC's are tested before mounting), assembly time (automated
equipment), rework effort (pre-tested piece parts and simple repairs), and
will increase yields. Net result is a significant cost reduction and
reliability improvement in the missile computer and potentially in other
areas of the system,

Reduction in Computer Costs 10 percent
Reduction in System Costs 2.5 percent

Assumptions. The above presentation and figures assumed a delivery
rate of 50 systems per month. For that numbcr of systems, the number of
IC's in production per month is approximately 25,000.

Manufacturing Technology Project for Adapting Advanced Capital Facilities
for High Volume ATIGS Inertial Guidance and Control Testing

Problem. Prototype laser guidance system testing (gyros, accelerom-
eters, and digital computers) has been performed in a manual/semiautomatic
mode with high operator interaction and cost. The present test method does
not optimize operational confidence because of differences in test versus
flight dynamics, nor provide the low cost, high volume test capability to
meet tactical missile guidance and control delivery rates and cost goals.

Proposed Solution. During the past two years, Honeywell has acquired
and capitalized a state of the art test facility for support of its new
products. This facility has just become operational and is now available
for application to a wide range of programs and products. The ATIGS hard-
ware approach is an ideal candidate for test in this facility, and adapta-
tion of the guidance system to the facility will be cost effective for
Honeywell and the Army LRGM program. It is proposed that we mechanize a

* This development effort is predicated upon the fact that commercially
available materials and processes may noc be compatible with the
requirements of military hardware.
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multiple system calibration and performance test. This test will be com-
puter controlled with no operator intervention on an automatic test table.
{See Figure 7.)

This system will consist of a three-axis test table, computer control-
ler, special fixturing, special software package for test and control, and
will interface with an existing centralized data management system.

The test system hardware will consist of:
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>